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Abstract The synthesis of analcime and nanosized ZSM-
5 zeolites was carried out by a hydrothermal method with
silica extracted from rice husk, available as an inexpensive
local biowaste, and without the use of an extra alumina
source. Amorphous silica (with 88 wt% of SiO2) was
extracted from rice husk ash by a suitable alkali solution.
The effects of crystallization temperature, time and SiO2/
Al2O3 ratio of the initial system on the properties of final
products were investigated. For the characterization of the
synthesized product, X-ray diffraction, scanning electron
microscope, energy dispersive X-ray techniques, Fourier
transform infrared and Brunauer-Emmett-Teller method
were applied. Crystallinity percentages of analcime and
nanosized ZSM-5 were 95.86 and 89.56, respectively, with
specific surface area of 353.5 m2 g-1 for ZSM-5. The
experimental results revealed that the synthesis of analcime
and nanosized ZSM-5 zeolites was more practical with
using silica extracted from inexpensive raw materials,
while the whole crystallization process was accomplished
without adding any alumina source during.
Keywords Rice husk  Hydrothermal  Analcime 
Nanosized ZSM-5
Introduction
Rice husk is a major by-product of rice processing and
there are large quantities of husk produced annually in
Iran. The total rice harvest reported in 2008 was 2.1
million metric tons, the processing of which produced
about 30 % (630 thousand tons) of rice husk as by-
product. Its disposal as an agricultural waste has become
an environmental issue in many regions, so there is a
stable supply of raw materials for mass production of
zeolite. As source of extracted silica, rice husk is a
practical, low-cost alternative to pure chemical sources,
as silica rendered from rice husk is highly reactive and
less selective.
Rice husk consists 70–85 % of organic matter and the
remainder is SiO2. The formation of rice husk ash results
from its combustion in air and approximately one-fifth of
the rice husk burned is converted to ash (Liou 2004).
Amorphous silica can be extracted from the ash by a
suitable alkali solution (Kalapathy et al. 2002). This
extracted amorphous silica can be used as an alternative
inexpensive silica source for preparation of silicon-based
materials, which have industrial and technological poten-
tial such as MCM (Grisdanurak et al. 2003) and zeolites
(Dalai et al. 1985; Loiha et al. 2009; Nur 2001; Prasetyoko
et al. 2006).
The ZSM-5 is a typically high silica zeolite with a
medium pore size of 0.54–0.56 nm formed by ten-mem-
bered rings (McCusker and Baerlocher 2007). This
molecular sieve has an MFI-type structure which promotes
the wide use of ZSM-5 zeolite such as for processes
involving petrochemicals and fluid catalytic cracking
(Grace 1980), separation of gases or liquids (van Bekkum
et al. 1994), synthesis of fine chemicals (Corma and Garcia,
1997; Hlderich et al. 1991), in space research (Ghobarkar
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et al. 1999), as solid acid catalyst (Chen 2001; Corma
1995; Mota et al. 1997).
In most cases, ZSM-5 is synthesized by hydrothermal
crystallization from hydrogels containing precursors of
silicon and aluminum (Mohamed et al. 2005a). The crys-
tallization process and also the crystal size and the distri-
bution of the final products are all intricately dependent on
multiple factors such as the sources of silicon and alumi-
num, aluminum content, crystallization temperature, crys-
tallization time, the template/silicon ratio and on other
initial conditions of the reaction system (Yu et al. 2007).
Based on the relevant role of the surface area in catalytic
behavior, the small crystal size of zeolites improves the
properties of the zeolites with their great external surface
and short intra-granular diffusion pore channels (Ismail
et al. 2006). In this study, we report an efficient route for a
simple and low-cost synthesis of nanosized ZSM-5 zeolite
using a cheap, abundant and renewable source of both
amorphous silica and alumina, extracted from an agricul-
tural by-product. Although rice husk, instead of silica
source, has been utilized for zeolite synthesis in afore-
mentioned studies, but nanosized ZSM-5 zeolite synthesis
using silica and alumina extracted from rice husk has not
yet been previously reported. Also, alumina has been used
as source in most zeolite synthesis studies (Dalai et al.
1985; Hamdan et al. 1997; Katsuki et al. 2005; Loiha et al.
2009; Nur 2001). Therefore, our aim in the present study
was to achieve the synthesis without adding any alumina
source during the whole crystallization process to decrease
the cost.
Experimental
Silica extraction from rice husk
The amorphous silica was extracted from rice husk
according to Ghasemi and Younesi (2011, 2012) method
applying a suitable alkali solution. Rice husks, obtained
from a local rice processing factory in Mazandaran (a
province in northern Iran), were washed with distilled
water and filtered to eliminate clay particles, and then
immersed in HCl (Merck, 37 %) solution (1 M) for 8 h.
After leaching with HCl, the husks were washed well again
with distilled water, dried in air and calcined at 700 C for
6 h in constant heating rate at 10 C/min. The rice husk ash
obtained was then subjected to being dissolved in NaOH
(Merck, 98 %) solution (2 M), followed by refluxing for
12 h. Concentrated HCl was added to the dissolved rice
husk ash to reach complete precipitation. The precipitate
was filtered from the solution, washed with distilled water
till free from chloride ions and finally dried at 110 C in an
oven overnight.
Zeolite preparation
The zeolites were synthesized by hydrothermal crystalli-
zation (Fan et al. 2008) with varied SiO2/Al2O3 molar
ratios, crystallization time and temperature. The synthesis
conditions as well as the initial composition are summa-
rized in Table 1. The alumina sources employed were
aluminum sulfate (Scharlu), sodium aluminate (Merck) and
alumina content of extracted silica from rice husk. Tetra-
propylammonium hydroxide (TPAOH, 20 % Fluka) and
tetrapropylammonium bromide (TPABr, Merck) were used
as template reagents to assist the formation of the zeolite
framework.
Typically, 4.1 g of NaOH was dissolved in 69.2 g of
H2O and then divided into two equal portions. An
amount of 29.8 g of amorphous silica, extracted from
rice husk, was completely dissolved in one portion of
the NaOH solution and the resultant suspension was
stirred until a clear solution was reached. After that,
18.3 g of 20 % tetrapropylammonium hydroxide was
added drop-wise to the sodium silicate solution while
stirring. The resulting mixture was further stirred for
1 h. An aluminate solution (if according to molar ratio,
excess alumina source was necessary) was prepared by
mixing 1.7 g of alumina with another portion of the
NaOH solution. After achieving clearness of the solu-
tions, the silicate solution was slowly poured into the
aluminate solution while stirring vigorously. The resul-
tant mixture was stirred for 1 h, transferred into Teflon-
lined stainless steel autoclaves, and then hydrothermal
synthesis was carried out at 150 C for different crys-
tallization periods (48 and 96 h). Finally, the solid
products were filtered, washed several times with dis-
tilled water until the pH value dropped to 8.5, and dried
in an oven at 110 C overnight.
Table 1 Initial composition, crystallization temperature and crys-












S1 TPABr Al2(SO4)3 0.504: 40: 1:
0.215: 16.168
96 150
S2 TPABr NaAlO2 0.504: 40: 1:
0.215: 16.168
96 150
S3 TPABr – 0.504: 176: 1:
0.215: 16.168
48 150
S4 TPAOH – 0.504: 176: 1:
0.215: 16.168
48 150
S5 TPAOH – 0.504: 176: 1:
0.215: 16.168
96 150
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Characterization
To do the proximate analysis of rice husk, the ASTM
method was used (Shuangning et al. 2006). An X-ray
fluorescence (XRF, Philips PW2404 Spectrometer) was
applied for determining the chemical composition of the
silica powder extracted rom rice husk and the synthesized
ZSM-5 zeolite. The loss of ignition (LOI) test was carried
out following the SIRIM procedure (ISO 3262–1975).
About 1 g dried sample of the extracted silica was placed
in a platinum crucible and ignited in a muffled furnace at
1000 C for 30 min to achieve a constant mass, followed
by cooling in a desiccator. The loss of ignition, as per-
centage by mass, is given by the following Eq. 1:
LOI %ð Þ ¼ ðM0M1Þ
M0
 100 ð1Þ
where M0 is the mass of the sample and M1 the mass of the
sample after ignition.
The X-ray diffraction (XRD) patterns of zeolite types
and extracted silica were measured by a Philips diffrac-
tometer (X’Pert, PW1800). The patterns were run with Ni-
filtered copper radiation (Ka = 1.5404 A˚´ ) at 30 kV voltage
and 10 mA current with scanning speed of 2h = 2.5/min.
The crystallinity of the prepared samples was calculated
using the ratio of the sum of the areas of all peaks in the
whole area of the XRD diffractogram and multiplying by
100. The average crystal size of synthesized products was
calculated by Scherrer equation (Eq. 2), where: s is the
mean size of the ordered (crystalline) domains, which may
be smaller or equal to the grain size; K is a dimensionless
shape factor, with a value close to unity. The shape factor
has a typical value of about 0.9, but varies with the actual
shape of the crystallite; k is the X-Ray wavelength; b is the
full width at half maximum intensity (FWHM), after sub-
tracting the instrumental line broadening, in radians and h




The scanning electron microscope (SEM, Phillips XL30,
operated at 30 kV) was applied for determining the
morphology and size of the prepared materials. Prior to
placing into the microscope, the prepared materials of the
zeolites were sprinkled uniformly over an adhesive tape,
sputter coated with a thin layer of gold, and consequently
an electron acceleration voltage of 30 kV was applied. The
Si/Al ratio of the final nanosized ZSM-5 was determined
by an energy dispersive X-ray (EDX) spectrophotometer of
the abovementioned SEM.
The nitrogen adsorption/desorption isotherms were
measured at 196 C using a conventional volumetric
apparatus. The specific surface area was obtained using the
BET (Brunauer-Emmett-Teller) method. The t-plot method
was used for obtaining the micropore volume of the
zeolites.
The Fourier transform infrared (FT-IR) spectrophotom-
eter (Shimadzo FTIR1650, Japan) was employed to deter-
mine the presence of functional groups in the prepared
materials at room temperature. Samples of 1 mg of the
prepared materials were ground with 100 mg of KBr as
translucent sample disks and mounted to the sample holder
in the cavity of the spectrometer. The spectral changes
were chosen from 400 to 4,000 cm-1.
Thermal gravimetrical analysis (TGA) was undertaken
in flowing air with a temperature ramp of 10 C/min to the
maximum of 800 C using a STA-1500 Rheometric Sci-
entific instrument.
Results and discussion
Chemical composition and XRD characterization
of rice husk ash and extracted silica
The LOI amount of rice husk ash was 2.562 %, which
corresponds to the amount of removed moisture and
coexisting unburned carbon from the sample. The low LOI
amount of ash indicates that the amount of the unburned
carbon is small. On the other hand, the LOI amount of
extracted silica powder was 10.64. With regard to the low
LOI amount of ash indicating the low amount of unburned
carbon, the LOI amount of the extracted silica powder
pertains almost totally to the removal of moisture. The
weight percentages of SiO2, Al2O3 and Na2O in the rice
husk ash and extracted silica as determined by XRF are
listed in Table 2. The initial gel composition of the zeolites
was calculated based on the results of the XRF analysis.
According to the XRD analysis of the ash, heat treated at
700 C for 6 h, the supplied rice husk ash represents its
crystalline phase in the form of cristobalite, tridymite and
quartz (Ghasemi and Younesi 2011; Wang et al. 2010). In
this study, the crystalline form of the ash is supposed to be
the result of its heating at high temperature.
The XRD analysis of the extracted silica powder indi-
cated that it was amorphous. This amorphous form is an
Table 2 The LOI (loss of ignition) test and XRF analysis results of
ash and extracted silica powder
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advantage toward the preparation of silicon-based materi-
als like zeolites, because the silica is rendered active in its
amorphous form to produce zeolite (Ghasemi and Younesi
2011; Wang et al. 2010).
Effects of SiO2/Al2O3 ratios and crystallization time
The SiO2/Al2O3 molar ratio in extracted silica was 176.
Further addition of the alumina sources as aluminum sul-
fate and sodium aluminate was mixed with sodium silicate
solution in order to reach a molar ratio of 40 of SiO2/
Al2O3. The synthesized products were characterized by the
XRD technique.
The patterns of the products synthesized with the dif-
ferent SiO2/Al2O3 molar ratios of 40 and 176 and the
crystallization times of 48 and 96 at 150 C are shown in
Fig. 1. The results containing the phase formed, average
crystal size and the percentage of the crystallinity of the
products are summarized in Table 3.
As the table shows, with a SiO2/Al2O3 molar ratio of 40,
the ZSM-5 zeolite could not be synthesized. It is clear that
the SiO2/Al2O3 molar ratio of 40 is not suitable for ZSM-5
zeolite synthesis using this silica source. The analcime
phase exists at the SiO2/Al2O3 molar ratio of 40 (Fig. 1a,
b). Peaks at 2h = 15.81, 25.96 and 30.54 (Treacy and
Higgins 2007a) confirm that it was a pure phase of anal-
cime zeolite that was produced. The results of the product
synthesized using aluminum sulfate and sodium aluminate
at 150 C with the SiO2/Al2O3 molar ratio of 40 show the
existence of an analcime phase. The reason is that the
crystallization rate for the formation of ZSM-5 increases as
the aluminum content decreases with a SiO2/Al2O3 ratio
above 100 (Cheng et al. 2001; Szostak 1989). In addition,
the silica obtained from rice husk needs to be depolymer-
ized so that the structure of the zeolite is formed. The agent
responsible for this step is OH-/Si ratio, which at the initial
mole ratio of S1 and S2, is not suitable for depolymerizing
the silica source enough to produce ZSM-5 zeolite. The
double-five-ring (D5R) silicates in ZSM-5 zeolite structure
increased with decreasing OH-/Si ratio (Lechert 2000; van
Santen et al. 1986). Therefore, we need high SiO2/Al2O3
mole ratio increasing silica source to synthesis ZSM-5
zeolite.
The XRD pattern of the products obtained at 150 C
after 48 h with SiO2/Al2O3 molar ratio of 176 is shown in
Fig. 1c and d, which indicates the formation of a pure
phase of analcime zeolite. The percentage of crystallinity
of synthesized analcime in the sample S4 is the highest.
The pattern of the product synthesized by the SiO2/Al2O3
molar ratio of 176 after 96 h at 150 C shows that only the
pure phase of ZSM-5 zeolite exists (Fig. 1e). The XRD
pattern of the sample indicated that a highly crystallized
ZSM-5 zeolite was formed without impurities. Peaks at
2h = 7.94, 8.01 and 8.90 (Treacy and Higgins 2007b)
confirm that it was a pure phase of ZSM-5 zeolite that was
Fig. 1 XRD patterns taken with initial SiO2/Al2O3 mol ratio of a 40
after 96 h with Al2(SO4)3, b 40 after 96 h with NaAlO2, c 176 after
48 h with TPABr, d 176 after 48 h with TPAOH and e 176 after 96 h
with TPAOH, at 150 C
Table 3 Effects of initial SiO2/Al2O3 mol ratio and synthesis time on













S1 40 96 Analcime 115.7 92.13
S2 40 96 Analcime – 94
S3 176 48 Analcime – 92.27
S4 176 48 Analcime 205.1 95.86
S5 176 96 ZSM-5 25.1 89.56
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produced. The reason is that zeolites are thermodynami-
cally metastable phases. The formation of metastable
phases of zeolites depends on temperature, and then the
most stable phase will continue to grow and be detected
finally (Yu et al. 2007). The crystallization time plays an
important role in the formation of the specific metastable
phase of zeolite. The crystallization time is a significant
parameter in the synthesis of zeolites. In this study, by
increasing the reaction time from 48 to 96 h, the pure phase
of ZSM-5 zeolite was obtained with the initial SiO2/Al2O3
molar ratio of 176. Chareonpanich et al. (2004) noted that
the longer the holding time the greater the yield of ZSM-5
crystalline zeolite, using fly ash as silica source.
The maximum crystallinity of ZSM-5 zeolite at 89.56 %
was obtained at a SiO2/Al2O3 molar ratio of 176.
According to the results of this study, crystallization time
and the aluminum content of initial system play important
roles in the formation of the ZSM-5 zeolite using extracted
silica from rice husk. The ZSM-5 zeolite was produced by
increasing crystallization time and decreasing the alumi-
num content of initial system, which increases the crys-
tallization rate.
Chareonpanich et al. (2004) synthesized ZSM-5 zeolite
with initial SiO2/Al2O3 molar ratio of 40 at 210 C after
4 h with the initial pressure of 4 bars using nitrogen gas.
Panpa and Jinawath (2009) reported that the initial system
with SiO2/Al2O3 molar ratios less than 80 produced an
amorphous phase of poorly crystalline ZSM-5 zeolite using
rice husk ash as silica source and sodium aluminate as
alumina source. They found that the gels with SiO2/Al2O3
molar ratios ranging from 80 to 200 favored crystalline
ZSM-5 zeolite production.
As mentioned above, there are some studies dealing
with zeolite synthesis using rice husk ash as an alternative
silica source (Dalai et al. 1985; Hamdan et al. 1997; Kat-
suki et al. 2005; Loiha et al. 2009; Nur 2001). Kordatos
et al. (2008) used rice husk ash as silica source for the
synthesis of ZSM-5 zeolite (Kordatos et al. 2008). Mo-
hamed et al. (2008) and Othman Ali et al. (2011) synthe-
sized ZSM-5 zeolite using rice husk ash as silica source
and aluminum sulfate as alumina source. The most men-
tioned studies added a special alumina source in the initial
system for the synthesis of ZSM-5, whereas we synthesized
analcime and nanosized ZSM-5 zeolite using extracted
silica from rice husk, without adding any external alumina
source, using the alumina content of the extracted silica.
In the present study, the results of XRD confirmed the
actual synthesis of analcime and nanosized ZSM-5 zeolites
with silica extracted from rice husk as silica source. The
extracted silica prepared in this study was amorphous,
whereas the silica source of the abovementioned paper was
Fig. 2 SEM micrographs of products in sample a S1, b S2, c and
d S5
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crystalline. The silica is active in its amorphous form for
producing zeolite. The analcime and ZSM-5 zeolites were
prepared without adding any alumina source and, in the
case of ZSM-5, with nanosized crystal, which has not yet
been reported, to our knowledge. The synthesis of nano-
sized ZSM-5 at initial high SiO2/Al2O3 molar ratios
favored the crystallization rate, since the crystallization
rate increased for the formation of ZSM-5 as the aluminum
content decreased with a SiO2/Al2O3 ratio above 100
(Szostak 1989). This was one key route for the synthesis of
nanosized ZSM-5 zeolite in this study.
SEM and EDX analysis of products
The scanning electron microscopy images recorded for
the as-synthesized zeolite samples are presented in
Fig. 2. The SEM micrographs of the hydrothermal
products show their morphologies under different syn-
thesizing conditions. The Fig. 2a, b shows products in
samples S1 and S2 where well crystalline analcime type
of zeolites, with a spherical shape and uniform size,
were obtained. Only the crystals of the ZSM-5 zeolite
were found after 96 h. The SEM micrograph of the
prepared ZSM-5 zeolite is shown in Fig. 2c, d, which
shows that this zeolite crystallizes in spherical-shaped
crystals (Mohamed et al. 2005b).
The diameter of spherical shape particles of prepared
ZSM-5 zeolite is \6 lm according to the SEM picture.
However, the calculated crystalline size of the crystal on
the basis of X-ray data using Scherer equation is 25.1 nm.
Crystalline size calculated from Scherer equation refers to
the size of a single crystal of ZSM-5 framework while, a
particle could be polycrystalline. The particle size is equal
to crystal size if every particle is a single crystal. In the
present study, the zeolite particles are polycrystalline and
crystal size is submultiple of particle size (Ismail et al.
2006; Wang et al. 2010).
Typically, ZSM-5 zeolite is synthesized with the
framework Si/Al ratio of[5 (Yu et al. 2007). The Si/Al
and Na2O/SiO2 ratios resulting in prepared ZSM-5 zeolite
were determined by EDX technique as 14.8 and 0.01,
respectively.
Surface texture of synthesized analcime zeolite
and ZSM-5
The analcime and ZSM-5 crystals were characterized using
N2 adsorption/desorption to determine their pore volume
and surface area. The isotherm and the pore size distribu-
tion curve of prepared ZSM-5 and the BJH-Plot of
Fig. 3 a The N2 adsorption/desorption isotherm and b the pore size
distribution curve of prepared ZSM-5
Table 4 Surface texturing data of analcime and ZSM-5 zeolites

















S4 0.0485 0.002 0.001 59.2 –
S5 353.53 0.141 0.136 96.4 0.53
a Microporosity percentages = (Micropore volume/Total pore
volume) 9 100
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analcime zeolite with the highest crystallinity (Sample S4)
are shown in Fig. 3a, b and c.
The N2 adsorption/desorption isotherm of ZSM-5 zeolite
with an initial SiO2/Al2O3 molar ratio of 176 and analcime
zeolite with the highest crystallinity (SampleS4) were
measured at 196 C. The isotherm of ZSM-5 zeolite con-
sists of a sharp knee at P/P0 lower than 0.1 due to the filling
of micropores. The parameters, including the BET surface
area, total pore volume, micropore volume, microporosity
percentages, and size of micropores, obtained from BET
equation and t-plot method, are summarized in Table 4.
The specific surface area and micropore volume of ZSM-5
were 353.5 m2 g-1 and 0.1 cm3 g-1, respectively. The
mean size of micropores in the zeolite inferred from the
curve was estimated to be about 0.5 nm, as shown in
Fig. 3b.
FT-IR analysis of synthesized analcime zeolite
and ZSM-5
The FT-IR spectra in the 400–4,000 cm-1 range of the
highest yielding samples of analcime (S4) and ZSM-5 (S5)
zeolite are shown in Fig. 4. The IR spectrum of as-syn-
thesized ZSM-5 (Fig. 4a) is typical of pentasil zeolites. The
band at 454 cm-1 is characteristic of the T–O bending
vibration of the SiO4 and AlO4 internal tetrahedral (Ismail
et al. 2006). The well-defined IR bands at 792 cm-1 and
that in the 1,085 cm-1 region are attributed to external
symmetrical and internal asymmetrical stretching bands of
T–O–T (T = Si, Al), while the vibrational band at
546 cm-1 (double ring vibration) confirms the presence of
a five-membered ring of the pentasil structure (Ismail et al.
2006). Additional evidence for the nanosized ZSM-5 zeo-
lite was the asymmetric stretch vibration of the band at
1,231 cm-1, which has been attributed to external linkages
(between TO4 tetrahedral) and is a structure-sensitive IR
band of the ZSM-5 zeolite (Cheng et al. 2005). The bands
at 3,500 and 3,646 cm-1 are due to hydroxyl groups
(hydrogen bonded Si–OH groups). The well-defined band
at 1,654 cm-1 is ascribed to OH bending vibration, since it
coexists with the OH stretching vibration positioned at
3,500 cm-1(Ismail et al., 2006). Thus, the ZSM-5 zeolite
was confirmed by the FT-IR technique.
The IR spectrum of analcime products with the highest
crystallinity is shown in Fig. 4b. In the region of OH
stretching vibration analcime showed absorption bands
around 3,500 cm-1 and a band at 3,622 cm-1, which is
attributed to a free OH stretching vibration. An absorption
band at 1,640 cm-1 is due to the bending vibration of an
adsorbed water molecule. Vibration bands in a region of
TO4 tetrahedral units of zeolite at about 1,021, 737, 619
and 444–460 cm-1 are asymmetric stretching, symmetric
stretching, double ring and T–O bending vibrations,
respectively (Breck 1974).
XRF analysis of synthesized ZSM-5
The results of the XRF analysis of synthesized ZSM-5
zeolite prepared from rice husk are listed in Table 5. As the
table shows, the SiO2/Al2O3and Na2O/SiO2 ratios of pre-
pared ZSM-5 are 15.22 and 0.006, respectively. These
results are almost the same as the results of EDX analysis
and confirm it. In this study, zeolite ZSM-5 was prepared
with the initial SiO2/Al2O3 molar ratio of 176. There is no
quantitative correlation between the Si/Al ratio in the ini-
tial reaction system and that in the final product. Therefore,
the Si/Al ratio in the zeolite product cannot be adjusted
simply by varying the Si/Al ratio in the initial reaction
mixture (Yu et al. 2007).
Thermogravimetric thermal analysis
Thermogravimetric analysis was carried out to determine
the removal rate of water and template content of the
zeolites. TGA curve of the prepared ZSM-5 is shown in
Fig. 5. This figure suggests that behavior in exotherm can
be due to the decomposition of the TPA cations trapped in
the channels of ZSM-5. Our finding also indicated that an
endotherm representing water loss was overshadowed by
the exotherms due to combustion of the template. The
observed significant weight losses in the temperature range
Fig. 4 FTIR spectra in the 400–4,000 cm-1 range for prepared
a ZSM-5 and b analcime (81.3254 %)
Table 5 The chemical composition of synthesized ZSM-5 zeolites
prepared from rice husk
Composition Na2O MgO Al2O3 SiO2
wt (%) 0.583 0.014 6.128 93.275
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20–600 C indicate water loss as well as loss of template,
showing an approximate estimation of the degree of crys-
tallinity of ZSM-5 zeolite sample. Dehydration occurred
below 300 C. The weight loss in the temperature ranges of
20–300 C represented by a broad region in the thermo-
gram is believed to be due to water loss. ZSM-5 zeolite has
low aluminum content and less water is present in the
zeolites with low aluminum content. This is because the
acidity of the zeolite decreases with increasing Si/Al ratio,
thus increasing its hydrophobic nature (Shirazi et al. 2008).
The weight loss in the temperature range of 300–600 C
can be attributed to TPA cation.
Economical advantages
Amorphous silica extracted from plant raw material has a
number of important advantages when compared with sil-
ica of mineral origin. In particular, the processing steps are
relatively simple since each plant species has a constant
chemical composition, and the extracted silica from plant
sources contains a narrow range of metal oxide impurities
(Zemnukhova et al. 2006).
The twenty percent ash content of rice husk (Liou 2004)
that was produced also in our study makes this by-product
utilization increasingly attractive economically. About
88 g of silica was extracted per 100 g of rice husk ash
(Table 1). In our study, 8.4 g of extracted silica yielded
2.8 g analcime and approximately 3.5 g nanosized ZSM-5
zeolite. According to these results, about 59.4 kg of anal-
cime and 73.81 kg of nanosized ZSM-5 can be produced
per ton of rice husk, in addition considering the low cost of
rice husk. Therefore, utilization of this agricultural by-
product for analcime and nanosized ZSM-5 zeolites syn-
thesis would result in the conversion of a low-cost raw
material into a high value added product.
Conclusion
In the present study, rice husk an agricultural waste, instead
of pure chemicals was used as a silica source for the syn-
thesis of analcime and ZSM-5 zeolites. Amorphous
extracted silica powder was composed of 87.988 wt% SiO2
according to XRF technique. We successfully achieved the
synthesis of analcime zeolite and nanosized ZSM-5 with
extracted silica without using any additional alumina
source. Also, the effect on the properties of the final pro-
ducts of crystallization temperature, crystallization time
and the SiO2/Al2O3 molar ratio of the initial system were
investigated. With an initial SiO2/Al2O3 ratio of 176 at
150 C, analcime and nanosized ZSM-5 zeolites were
obtained after 48 and 96 h, respectively. Crystallinity
percentages of analcime zeolite and the nanosized ZSM-5
were 95.86 and 89.56, respectively, with the specific sur-
face area of 353.53 m2 g-1 for ZSM-5.
Our environmentally friendly process reduced the costs
of the synthesis effectively through utilization of low cost
raw materials.
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